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This thesis describes a procedure to solve the problem 
of determining economic lot sizes, cycling a number of 
products on a single^ process. The process is such that 
set-up costs and set-up times are dependent upon production 
order and only one product can be produced at a time. The 
procedure presented here is based upon the original ’Dynamic 
Programming Approach’ by Earl Bomberger, (1) which was 
modified by S. E. Elmaghraby as ’The Extended Basic Period 
Approach.’ (2) These methods, however, assume that set­
up costs and set-up times are independent of production 
orders. As in this case, set-up costs, are dependent upon 
production order, this thesis presents a ’Shortest Path 
Approach’ to determine the order or production of all products 
and Robert W. Haessler’s ’Improved Extended Basic Period 
Approach’ (3) to determine economic lot sizes. Since we 
assume in this case a high machine utilization, the first 
iteration of this procedure is shown to give a fast and very 
good solution. The first iteration uses ’The Shortest Path 
Approach’ to determine the order of production and assumes 
each product is produced in only one batch. This also 




TABLE I. . . . . . . . . . . . . . . . . . . . . . . .  4
Notation Used





I would like to pay special thanks to none other 
than R.E.D. 'Gene' Woolsey, whose help, knowledge, and 
cynicism has highlighted my years at Mines. Jean Paul 
Mather, who served on my committee untill his retirement, 
deserves much praise for his kindness, devotion, and 
helpfullness handed to me since my arrival in Colorado.
And a special tribute to Dr. Arthur 'Doc1 Adams, without 
whose encouragement and thoughtfulness I would never 
have found myself at this school.
liy committee, E..E.D. Woolsey, Ruth Maurer, and 
Anshumali Gangwar, deserve my highest praise for all 
their help and just putting up with me. And to Ruth,
"now who is going to 'have to give me a hard time?'"
I would also like to thank Bob Taylor of B.E. 110 
(Drafting) fame for allowing me to teach all those 'cute, 
little1 freshmen and paying for my education.
And of course, I must not forget the ever present 
Mr. C. Slackness, without whose help I probably could have 
finished this Master's program many years ago.
To all those I have not mentioned and deserve a 




The purpose of this thesis is to alter the age old 
problem of economically ordering jobs on one machine to 
handle the additional problem of set-up tear-down times that 
vary according to the production schedule order. The 
original procedure by Earl Bomberger, (1) using Dynamic 
Programming will be discussed briefly, followed by S. E. 
Elmaghraby’s ’Extended Basic Period Approach.’ (2) Robert W. 
Haessler further refined Elmaghraby’s procedure to the most 
recent revision, ’The Improved Extended Basic Period 
Approach.* (3)
’The Improved Extended Basic Period’ (3) procedure is used 
to determine economic lot sizes, with ’The Shortest Path 
Approach’ of this thesis incorporated to deal with production 
order dependence. This will be discussed and changes from 
Haessler’s procedure noted. Also, the.first iteration, 
utilizing ’The Shortest Path Approach’ is presented. This 
method gives the minimum production time possible. An example 
problem will be shown in Chapter IV using a Fortran program 
written for this thesis.
Appendix A contains a listing of the program developed 
for the procedure defined by this thesis.
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CHAPTER I 
THE ECONOMIC LOT SCHEDULING 
PROBLEM: DEFINITION
'The Economic Lot Scheduling Problem' "arises from 
the desire to accommodate the cyclical production patterns 
that are based on economic manufacturing quantity (EMQ) 
calculations for individual items on a single production 
facility." (2) The problem can be characterized as 
follows:
1. Only one product can be produced at a time on: a 
single production facility.
2. Production rates are constant.
3. Set-up costs and set-up times are dependent on 
production order. This is a major change from 
previous work on this subject.
4. Demand rates are determined from a demand forecast. 
From this forecast, a production forecast can be 
determined and raw materials ordered to meet the 
forecast. The actual production schedule can then 
be determined.
5. No backorders are allowed.
6. Holding rates are directly proportional to 
inventory levels.
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7. Production capacity is sufficient to meet total 
demand. In accordance with The Land Algorithm (4), 
all "regular-time days” (days that regular-time is 
paid, as opposed to overtime) are scheduled for 
production first. Any time exceeding regular­
time is scheduled as overtime. If there still is 
not enough time to meet demand, this method will 
ask the user if he would like to decrease the demand 
projected. If the demand is not decreased, the 
answer obtained for such a condition will obviously 
exceed production capacity, but will be the least 
cost solution within all other constraints.
8. There is a safety stock level for each product 
produced. This level is determined by X weeks of 
demand for each product (where X is input by the 
user). If the quantity on hand exceeds the safety 
stock plus demand, that product is not produced 
during that period.

















number of products to fee produced
designates product (i = 1, . .., Z)
inventory holding cost (i = 1, ...Z)
actual production capacity for product 
i per day (i.e. the amount of product i that 
can actually be produced in one working day, 
alloting time for breakdown, lunch, coffee- 
break, etc.) (i = 1, ...Z)
demand rate/month (i = 1 ,  ... Z)
set-up time (in house) (i = 1, ... Z)
set-up cost (i = 1, ... z)
set-up cost per hour
number of working days per year
number of regular working days per month
number of overtime days per month
number of months to be used for forecast
number of weeks of demand used for the 
safety stock level
quantity on hand for each product
total machine time (production time and 
set-up time) (i = 1, ... Z)
total machine time minus set-up time (production 
time only MT^ - TS^) (i = 1, ...Z )
average cost per unit time for product i 
(i = 1, ... Z)
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TC - total cost
W - length of longest basic period (in days)
- number of basic periods between runs of
product i (must be a power of Z (i.e: 1, 2, 
4, 8 .,.-.))
X. . - a 0, 1 variable. X. . - 0ij ’ iJif product i is not produced in period j.
X ^  = 1 if product i is produced in period j




PREVIOUS WORK DONE ON THE 
ECONOMIC LOT SCHEDULING 
PROBLEM
Over the past 25 years, The Economic Lot Scheduling 
Problem has been discussed by no less than 25 contributions 
that have addressed this problem specifically (1, 2, 3, 5,
6, 7, 8,) and others that have addressed related problems 
(9, 10). This problem has been approached in two ways:
1. Analytical approaches that achieve the optimum 
of a restricted version of the original problem.
11. Heuristic approaches that achieve ’good’ (and
sometimes ’’very good” ) solutions of the original 
problem. (2)
The procedure presented here is a heuristic, for which we 
demonstrate the final solution and the first iteration of the 
method.
This approach is an alteration of Robert W. Haessler’s 
’Improved Basic Period Procedure’ (3). This method was 
originally suggested by Earl E. Bomberger as ”A Dynamic 
Programming Approach To a Lot Size Scheduling Problem" (1). 
All the previous work done on this subject agree with all the 
assumptions mentioned in Chapter I except assumption number
3. That assumption is changed to; "the set-up cost and set­
up time depend only on the item going into production."
This simplifies the problem considerably. Since there is
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no order dependence, set-up costs and set-up times do not 
vary according to production order.
If each product is treated independently, the average 
cost per unit time, when product i is produced in cycles 
of length is:
C. = S./T. + tt.R.T, (l-R./P.)/2 1 1 1  i l l  l l
This states that the average cost per unit time for pro­
duct i (C^) is equal to the summation of the contribution 
toward cost for the set-up cost. (Set-up cost (s/) divided by 
time (T^)) plus the contribution toward cost for the production 
and holding cost (demand (R^) times holding rate (H^) times 
time (T^) times the fraction of time for set-up (i 
divided by 2).
There is a constraint on T. to insure sufficient time for 
set-up. R-j/Pi t îe fraction of time that product i must 
be produced and is.the fraction of time that is
available for set-up activities. The .constraint is:
T ± > T:s± /  (l-Ri/Pi )
This constraint states that the total time that product 
i is produced must be greater than or equal to the set-up 
time for product i (TS^) divided by the fraction of time 
available for set-up activities for product i (1 - R^/P^).
Since all variables except the cycle length (T^), in the 
above cost equation (C^ = S^/Tv + R^ T^ (1 - R^/P^)/2) 
are constant for a particular product i, a minimum cost can 
be calculated by varying the cycle length (T^). This is done
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by taking the first derivitive of the cost equation (C^) 
with respect to the cycle length (T^).
DC. = - S.T.“2 + H.R. (1 - R./P.)/2 1 1 1  1 1  1 1
dT.l
Then, the new equation is set equal to zero and solved 
for Ti#
T ± * = (2Si/HiRi (l-Ri/Pi ))*
This equation will determine the minimum cost and optimal 
cycle time (T^*).
Usually, products will not be able to be produced 
according to its optimal frequency (T^#) due to machine 
interference (1, 3, 6). But, the lower bound on the cost of 
a feasible solution is the summation of the average cost 
per unit time for all products.
TC* = | C.*i = l 1
That is, total cost is simply equal to the sums of individual 
cost for each product.
Bomberger’s ’Dynamic Programming Basic Period Approach’ 
was simply one of trial and error for the values of T^. This 
value was chosen by interpolating between the two prior 
estimates of T^ corresponding to the two lowest cost solutions. 
The interpolation was carried out to the nearest integer 
multiple of a convenient planning period (i.e: one week, one 
month). (1, 6) Machine utilization is equal to the amount 
produced divided by the total amount the machine is able 
to produce (total demand/total production capabilities)
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This approach becomes quite difficult when machine 
utilization rate is high, such as;
> *85
Difficulty arises because now time for set-up activities 
becomes scarce, as most of the machine time is used for 
production. Therefore, scheduling with a short time allowed 
for set-up activity becomes quite restrictive.
Elmaghraby’s 'Extended Basic Period Approach' (2) is 
a refinement of Bomberger's 'Basic Period Approach" (1).
'The Extended Basic Period Approach' (2) 'loads' the products 
into two Basic Periods, requiring that there is sufficient 
time for at least one run of each product. Therefore, W 
(the length of the longest Basic Period)) in Elmaghraby's 
method, is*less than W in the 'Basic period Approach' (1) 
and greater than or equal to half the W in the 'Basic 
Period Approach' (1). If is the number of periods between 
runs of product i, then a feasible solution can be obtained 
by defining sets of product numbers I and I', where I is the 
set of odd numbered periods (1, 3-, 5, 7, ...) and I' is 
the set of even numbered periods (2, 4, 6, 8, ...). If 
is an odd value, product i is an element of I union I'.
For example, if N^=3, product i can be produced in periods 
1, 4, 7, 10, ... Since product i is produced in odd periods 
1, 7, ..., it is a member of set I (the set of odd numbered 
periods). Since product i is also produced in even periods 
4, 10, ..., it is also a member of I' (the set of even
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Therefore, longer time than necessary will be needed to 
complete the schedule and a higher cost will be incurred. 
This problem becomes worse when machine utilization rate 
is high(1,3).
Robert W. Haessler's ’Improved Basic Period Procedure’ 
(3) is a further refinement of Elmaghraby's ’Extended Basic 
Period Approach’(2). The ’Improved Basic Period Approach’ 
states that a Basic Time Period (W) is determined, such 
that a schedule is produced where each time period 
contains production capacity for some product(s). Each 
product is cycled every times until ..demand for all 
products is met. Then, the schedule is repeated. K is the 
total number of basic periods before the schedule repeats 
and k^ is the number of times product i is produced in one 
complete cycle (K/N^). A feasible solution exists if there
are values of X . . (x. . is 1 if product i is to be producedj 11
during the j period and 0 otherwise), that satisfy the
following conditions:
NMAX
v X . . = k . for all i
J=1 ^  1
This condition is the definition of k^, which states that
k^ is the number of times product i is produced before the
schedule repeats.
X. . = X . M v for all i provided N. i  K ij i(j+N4 ) f il
for j = 1 ... (K-Ni )
This condition is the definition of N^, which states that 
product i is produced every times until the schedule
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repeats. For example, if N. = 2, X. . = 1 (produced) if
J
product i is produced in period j (ie: period 2). There­
fore, ) r 1 since product i is also produced in
period 3 (j+N. = 1  + 2 = 3 ) .  This also holds true if
X. . = 0.
13
2
r X. . (TS. + R. N. W/P.) < W for all j i r 1 ij i 1 1  l — °
This condition is the definition of W. X. .(TS. +ij i
R^ W/P^) is the total machine time for product i in 
period j. Therefore, there must be enough time in each 
period to allow for production of all products that are 
produced in that period.
Restricting the values of to the set of powers 
of 2 (N - = 1, 2, 4, 8, ...) greatly reduces the set of 
conditions in the above constraints, because now K = 
max (INL). According to Haessler in the improved Extended 
Basic Period Approach* (3), given this condition, a 
reasonably effective sequential procedure for dealing with 
these conditions is to sort the products based on values of 
ftL from low to high. Those products with the same values 
of are also sorted on machine time (set-up time plus 
actual Production time) from high to low. A solution is 
then generated by sequentially assigning the products with 
the lowest value of to the first Basic Period that has 
sufficient time available (3).
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numbered periods). Therefore, if is odd, it is a member 
of both I and I 1. If KL is an even value, product i is 
an element of either I or I T, but not both. For example, 
if N /  = 2, product i can be produced in periods 1, 3, 5, ...
Since product i is only produced in odd periods 1, 3, 5, • • • >
it is a member of set I. On the other hand, product i, 
with = 2, could also be produced in periods 2, 4, 6, ... 
Since product i is only produced in even periods 2, 4, 6, ...
it is a member of set I ’. Thus, if I\L is even, product i
can only be produced in either odd periods (set I) or only 
in even periods (set I T), but not both. Therefore,
Z MTt < W
i eI and
Z M T . <_ W
i e l *  1
Each product with an odd number of periods between runs 
(n^) will be produced in even and odd periods. Each ' 
product with an even will be produced in an even or odd 
numbered period. These feasibility conditions are sufficient 
but not necessary. For example, if is equal to 4, time 
must be alloted for product i. in either periods 1, 3, 5, 7,.. 
or 2, 4, 6, 8..,; whereas time is actually only needed in 
either periods 1, 5, 9, 13... or 2, 6, 10, 14... or 
3, 7, 11, 15... or 4, 8, 12, 16.... This type of approach 
allows for unnecessary free time, causing much higher feas­
ible solutions by increasing the length of the Basic Periods 
and/or increasing the frequency of running product i.
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CHAPTER III 
THE SHORTEST PATH PROCEDURE
As the primary contribution of this thesis, we modify 
The "Improved Extended Basic Period Procedure" of Robert 
W. Haessler (3) is modified to accommodate order dependence 
in the production schedule of a single machine job shop.
Since Haessler’s order procedure (3) does not take into 
account order dependence, it will not find the least cost 
solution in this case. Instead, we propose a ’Shortest Path’ 
method to determine the order, that will still satisfy all 
the conditions previously stated for this problem.
The ’Shortest Path’ of this thesis is a method to 
find the least cost "Path" through a set of order dependent 
set-up costs, thus minimizing total cost. The procedure 
for this is as follows:
1. Ask the user the last product to be produced before 
this schedule goes into effect. This will be the 
first product the schedule will be "from". For a 
new period, there will be no set-up cost if the 
last product produced in the previous period is 
the first product produced in the new period.
2. Determine the product that has the smallest 
set-up cost from the previous product. If more 
than one product has the same smallest set-up cost,
T-2348
total the "from" row for each of the smallest 
set-up costs. Choose the product with the 
smallest total. If there are still ties, choose 
the first product tied.
3. Make all elements in the "to" column for the 
product just chosen very large.
4. Make the product chosen in Step 2 the previous 
product and return to Step 2.
Example:
The following is a table of set-up costs:
TO PRODUCT: 1 2 3 4 5
FROM PRODUCT: 1 X 50 100 100 100
2 50 X 50 200 300
3 50 50 X 200 300
4 50 50 100 X 300
5 50 50 100 300 X
STEP 1: The last product produced in the previous
period is 2.
STEP 2: Since this is the first product in this
period, the smallest set-up cost will be 
from the last product produced in the 
previous period; Product 2.
STEP 3: Make all elements in the "to" column










1 2 3 4 5
1 X 106 100 100 100
2 50 106 50 200 300
3 50 106 X 200 300
4 50 106 100 X 300
5 50 106 100 300 X
Previous Product is Product 2. Go to 
Step 2.
The smallest set-up cost from Product 2 
is to products 1 and 3 at $50.
Total the "from" row for Product 1 and 3
Product 1 = 106 + 100 + 100 +1100 = 1,000,300 
Product 3 = 50 + 106 + 200 = 300 = 1,000,550
Choose Product 1, since it has the smallest
total.
Product Order is now: 2, 1
Make all elements in the TtoT column of
product 1 very large:
1 2 3 4 5
1 106 106 100 100 100
2 106 106 50 200 300
3 106 io6 X 200 300
4 106 106 100 X 300
5 106 106 100 300 X




STEP 2: The smallest set-up cost from Product
1 is to Products 3, 4, and 5 at $100.
Total the "from" row for product 3, 4, 
and 5.
Product 3 = 106 + 106 + 200 + 300 = 2,000,500
Product 4 =  106 + 106 + 100 + 300 = 2,000,400
Product 5 = 106 + 106 + 100 + 300 = 2,000,400
The smallest total cost is for Products 4
and 5. Choose the first one, Product 4. 
Product order is now:2, 1, 4
STEP 3: Make all elements in the "to" cc
product 4 very 1 ar ge :





1 100 106 100
2 106 106 50 106 300
VOOr—
1 106 X 106 300
4
VOOi—
1 106 100 106 300
5 106 106 100 106 X
STEP 4: The previous Product is 4 .  Go to Step 2.
STEP 2: The smallest set-up cost from Product 4
is to Product 3.
Product order is now: 2, 1, 4, 3 
STEP 3: Make all elements in the "to" column of










1 2  3 4
1 106 10 6
VOor—1 106 100
2 106 106 106 106 300
3 106 106 10() .10 6 300
4 106 106 106 106 300
5 106 106 106 lO6 X
The previous product is Product 3. Go 
to Step 2„
The smallest set-up cost from Product 3 
is to Product 5 at $300.
Product order is now: 2, 1, 4, 3, 5 
Make all elements in the "to" column of 
Product 5 very large:
1 2 3 4 5
1 106 106 IQ6 106 106
2 106 106 106 T O 6 106
3 106 106 106 106 106
4 106 106 106 106 106
5 106 106 106 106 106
The previous product is Product 5. Since 




THE PROCEDURE TO DETERMINE 
ECONOMIC LOT SIZES FOR AN 
ORDER DEPENDENT MACHINE SHOP
The procedure for determining Economic Lot Sizes uses 
the general principles of ’The Improved Basic Period 
Approach1 with some modifications.
First, an initial feasible solution is considered to 
be one with each product produced in only one batch. There­
fore, the number of periods between runs of all products is 
one (in symbols: N^ = 1 for all products.) This will set
the length of the Basic Period (W) equal to the shortest 
feasible time to meet demand:
W =l-|1MTi = iifTSj. + (Ri/Pi >
That is, the length of the Basic Period is equal to the sum 
of the set-up times and production times for all products 
if, each product is produced in one batch.
The ’Shortest Path’ discussed in the previous chapter 
is then used to determine the order of production.
Set-up times and set-up costs are synonymous since set-up 
cost per hour is the same for all products. ’The Shortest 
Path’ algorithm determines the minimum set-up times, and 
therefore, minimum set-up cost. The total cost is then 
determined by:
TC = .E1Ci = .^(S./N. W) + (HiRiNi W (l-R./P^/S)
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where:
= cost for product i
= 1 (all products have one period between runs) 
z
W = 2  MT. (longest Basic Period = sum of machine
i=l 1 ,. * 'times)
When machine utilization is very high (greater than .85), 
this initial feasible solution gives a fast, very good 
answer. When machine utilization is low, the initial solution 
will be feasible, but will not utilize economic lot sizing. 
Therefore, it will not give a ’very good’ solution.
Since, machine utilization in any well planned production 
facility will usually be very high, this initial solution is 
printed out for the user’s inspection.
Using the basic ideas from ’The Land Algorith*, (4) 
all production is scheduled using regular-time (as opposed to 
over-time) first. Any time needed beyond the available 
regular-time is scheduled as over-time. With high 
machine utilization, this will obviously be the optimal 
scheduling procedure for scheduling regular vs. overtime.
If The Basic Period is less than the available regular­
time, the Basic Period is increased to make the available 
regular time constraint tight (W = MNTH). That is, the 
length of the longest basic period is set equal to the 
number of regular working days in the month. Then, the 
machine time is increased proportionately for each product:
MT. = TS. + (R. *MN:TH/P.)l l i l
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This states that machine time for product i is equal to 
its set-up time plus the demand increased proportionately 
to accommodate the total number of regular working days.
The results are printed.
Since Union Members get paid for a specified number of 
regular-time days per month, whether the machine they 
operate is producing or not, it is obvious that the machine 
should be scheduled to accommodate all the regular-time 
available, as just stated. If all the regular-time is utilized, 
this procedure continues without changing the length of the 
Basic Period, since overtime should always be minimized.
Once an initial feasible solution is determined and a 
total cost for this solution is calculated, an iterative 
procedure is performed to search for a lower cost solution.
The steps in the procedure are as follows:
0. Determine an initial feasible solution as 
previously stated. Let:
BASE. = log0 N.. Therefore, BASE. = 0i °2 i 7 i
for all i.
1. Set i = 1
2. Increase BASE^ by one for productxi. Set =
2BASEi .
3. Assign each product to its appropriate basic 
period. The maximum will be the number of 
basic periods. All products are 'loaded’ into the
first basic period. If Ni = 1, product i is
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loaded in every period. If INK is greater than one, 
product i is loaded every periods.
Example:
N 1 = 2
N2 = 1
n 3 = 1
n a = A
The Maximum = A
Period 1 = Products 1> 2 j 3, A
Period 2 = Products 2, 3
Period 3 = Products 2, 3
Period A = Products 2, 3
A. Each period is drdered using 'The Shortest Path 
Approach1 discussed previously.
5. The total cost for this new solution is calculated. 
If it is greater than the previos total cost, BASE^ 
is decreased by one to return to the previous 
solution and i is increased by one. If the new 
total cost is less than the previous, this 
solution is kept and i remains the same.
6. If all products have been checked, the least cost 
solution has been determined. If all products 
have not been checked, return to Step 2.
7. Print results.
8. As stated earlier, if maximum regular time is not 
used, W is increased untill all regular time is
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used for ’The Improved Basic Period Solution.’
9. Print results.
10. Since any production facility should never be 
scheduled solely by a computer, provisions are 
provided to allow the user to alter the schedule. 
The alterations allowed for this algorithm are to:
1. The order of production
2. The length of the Basic Period (W)
3. The number of times each product will be 
produced per cycle (N^)
11. Results are printed for any changes.
A flow chart describing this process is presented 
in Figure I.
A description fo the input process for this program 
is presented next. The program written for this thesis 
incorporates an interactive procedure to obtain input from 
the user. The computer prompts the user with a question, 
which the user answers.
To start, the user is asked if all the data is on a 
file. If it is, the file number is asked for and the 
computer ’reads’ the remaining information from the file. 
This feature allows the user to repeat the input process 
without having to go through the entire procedure, thus, 
shortening usage time. If the data is not on a file, the 
program continues and asks the user the number of products 
and the name of each product. Product names are limited to
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ten (10) characters.
Using the product number of the products just named, 
the user is asked which product was the last one produced 
in the previous period(month) . Then data is input for the 
total number of working days per year, the number of 
regular time days for this month and the number of overtime 
days allowable this month.
Demand rate is the next data requested. It is assumed 
that a five month demand forecast is utilized, but ther 
are provisions to change the number of months used for the 
forecast. If this is being used for an actual production 
schedule, then one month should be input for the number of 
months for this 'forecast.1 After the number of months is 
input, the demand rate is asked for each product for each 
month.
The next question asked is the number of weeks used for 
the safety stock level. The safety stock level is the 
quantity on hand exceeding the demand rate for each product. 
The quantity on hand is then asked for and it is determined 
if more or less of each product must be produced to meet 
demand plus safety stock.
The computer then asks for set-up costs per hour.
It is assumed that set-up cost per hour is constant for all 
set-up activities. Then, set-up time is asked for. The 
computer prompts the user by giving the product that the 
set-up is coming from and the product the set-up is going to.
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It is assumed that the set-up time from a product to itself 
is zero, and therefore, not asked for.
The computer then asks if the holding rate per year 
is the same, for all products. If it is, that holding rate 
is asked for. If the holding rate is not the same for all 
products, the holding rate is asked for for each product.
The last information asked for is the production rate. 
The production rate is the rate that can actually be produced 
in one day.
An example of input follows, using ’real world’ data 





Set Base. = 0 for all i, determine initial feasible solution 
1 and print results ___________ ___________ ________
Step 1
Set i - 1 I
Step 2
BASE. = BASE. + 1 <-i l
Step 3 Y
-«■
Assign each product to its appropriate Basic Period and set 
the number of Basic Periods to Max N.___________ ;_____________ i _____________________ _ A
Step 4
Order each Basic Period using the Shortest Path Approach
Step 5
Calculate Total Cost for this solution
* ■ -- ........
Is this Total Cost less than the previous Total Cost? A
Keep this solution Set BASE. = BASE. - 1l l




The least cost solution has been determined. Print results!
Step 8 and Step 9 \(
If W is less than maximum regular time, increase W to equal 
maximum regular time (W-'MNTH). Determine new solution and 
print results.
Step 10 and Step 11 ■>
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The output created for the example input is presented 
for inspection and a discussion of the output follows.
The first piece of output is the minimum number of 
days needed to meet the current demand. This is divided 
into regular time days and overtime days. All available 
regular time is scheduled for production first. Then, if 
demand is still not met, overtime days are scheduled to 
handle the remaining demand. If all the days are scheduled 
and the demand is still not satisfied, the computer asks 
the user if he would like to decrease demand of any product 
and by how much. This process is repeated untill demand 
can be satisfied with the available working days or the 
user does not desire to decrease demand. If demand is not 
decreased, more working days wj.ll have to be scheduled by 
management..
The average demand for each product and the total demand 
is then printed. The fraction of time that each product 
must be produced and the fraction of time that all products 
must be produced is printed next. This states the ratio 
of demand for each product to the total production capacity
(R./P.), or machine utilization rate.1 1 9
The next sections deal with the results for the pro­
cedure. The following information is given for each section:
1. Product name
2. Total machine time(production time + set-up time)
3. - the number of basic periods between runs
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fo product i
4. amount produced of product i
5. The excess number produced beyond amount demanded
6. The length of the longest Basic Period
7. Order for each Basic Period
8. Any idle time in each Basic Period
9. Average total cost per day.
The first section is for minimum time allowable.
This is the first iteration of the procedure (n^=1, for all 
i) and uses the minimum time possible to meet the demand.
The next section is printed if the total time for the minimum 
time allowable is less than the maximum allowable regular 
time. If this is the case, the basic time period is 
increased to equal maximum regular time and. production of 
all products is increased proportionately as previously 
discussed.
The next section is the results using the 1Improved 
Extended Basic Period’ approach to determine economic lot 
sizes. Once again, if maximum regular time is not used, 
the basic period(s) is increased and production adjusted 
accordingly untill all regular time is used.
Changes by the user are then allowed. Changes can be 
made to the value of the longest Basic Period(W), the 
production order(ORDER) and/or the number of Basic Periods 
between runs(N^). Results are printed for any changes.
An example of output follows.
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CONCLUSION AND SUGGESTIONS 
FOR FURTHER RESEARCH
An iterative procedure to solve the problem of 
scheduling Z products on one process has been presented 
with capabilities to handle order-dependent set-up times 
and set-up costs. A ’Shortest Path’ method was used to 
determine the order that minimizes set-up costs and 
set-up times. The general principles of the ’Improved 
Extended Basic Period Approach’(3) were used to determine 
economic lot sizes.
Previous work on this subject was apparently done as 
an academic exercise. Many assumptions were stated that 
made any work on this subject not applicable to any 
’real world’ situation. These assumptions have been changed 
in this thesis so this procedure can be used in a ’real 
world’ situation. Assumptions that have been changed to 
accurately model reality are as follows:
1. Demand rate was assumed to be continuous. It has 
been changed to accomadate variable demand as 
determined by the user.
2. An infinite planning period was assumed. This has 
been changed to a one month planning(scheduling)
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period with accomadations for scheduling regular 
time and overtime.
3. It was assumed production capacity was sufficient 
to meet any demand. This was changed to production 
capacity can only handle the amount the process 
can actually produce within the planning horizon 
(one month).
4. The major revision is to the assumption that set-up 
costs and set-up times are dependent ONLY on the 
item going into production. This assumption is
changed to accomadate order dependence, which is
the case in most processes.
All previous methods were not used and/or did not 
work because they did not acurately reflect reality. If 
the actual problem is not modeled correctly, the solution 
will not produce an answer for the real problem. The
method presented in this thesis will work for a ’real
world’ problem because it closely models a ’real world’ 
situation.
The procedure in this thesis was developed for a 
problem encountered by a ’real world’ food products manu­
facturer. The manufacturer was encountering a horrendous 
set-up cost when switching ’from’ certain products. The 
horrendous set-up cost is in the neighborhood of $168,000 
per change. This change was occuring approximately five
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times per month at a cost of $840,000 per month. Using the 
method developed in this thesis, such a change would occur 
only once every two months, at an average cost of $84,000 
per month. This is a savings of $756,000 per month or a 
savings of $9,072,000 per year.
Although this approach gives a Tvery good* answer for 
the problem in question, it does not go into the management 
side of the problem. If machine utilization rate is high, 
the question should arise of whether or not a new machine 
should be purchased. This could be incorporated into the 
procedure any time machine utilization rate does get high. 
Also, it must be realized that this procedure is not a 
cure-all. It depends on input into the system being worth­




Appendix A contains a FORTRAN listing for the procedure 
described in this thesis.
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INTEGER Z, BASE(IOO), N (1 0 0 ), ORDER (10 0 ), COU N’T 
INTEGER ORDER A(100), ORD(50,50),NUMN(32),NULD(100 )
C
REAL T(IOO), 3(100), R( 100 ), 11( 100 ), P(100)
REAL WWNEW(IQO), MT(100),MTT(10 0 )




1 , SET! ME, CM, BASE, Ml, ORDER A, T, WWNEW, TCSAVE, IN





20 FURMAT(1X,'THE AVERAGE DEMAND PER MONTH FOR THE NEXT
1 ' MONTHS IS AS FOLLOWS:')
DEMAND = 0 
DC 40 I = 1, Z
DB = R(I) * MNTH 
WRITE(4,30 ) NAME(I), Do 
30 FQRMAT(4X, A10, ' = ',F12.0)
DEMAND = DEMAND ♦ DB 
40 Continue
a1 RITE (4,50) DEMAND 
50 FORMAT (IX,'THE TUTAL DEMAND EUR Til IS RUN IS ',1*12.0
C
M I T E  (4,60)
60 FORMAT (//IX,'THE FRACTION OF TIME THAT EACH PRODUCT'
1 ' MUST BE PRODUCED IS AS FOLLOWS:')
RT = 0
DO 00 I = 1, Z
RR = R(I)/P(I)
RT = RR + KT 
WRITE (4,70) NAME(I), PR 
70 FORMAT (4X, A10,' = ', FIG.4)
SO CONTINUE
WRITE (4,70) RT 
90 FORMAT (IX,'THE FRACTION OF TIME THAT ALL PRODUCTS ',
1 'MUST BE PRODUCED IS ',F10.4//)
WRITE (4,100)
100 FORMAT (1X//, '********************',/
1 IX,'THE RESULTS FOR THE MIN LMUM TiMS ',
2 'ALLOWABLE IS AS FOLLOWS:')
CALL RESULT
IF (W .CT. MNTH) GO TO 500 
W = MNTH 
WSE = W 
110 DO 120 1= 1,Z




DO 130 I - 1, Z
ORD(1,1) = ORDERA(I)
W = W - MT(1)
130 CONTINUE
IF ((W - MNTH) .GE. 0) GO TO 140 
W = WSE ♦ 1 
VISE = W 
GO TO 110
140 IF ((MNTH - W) .GT. -.004) GO TO 150 
Vi = WSE - .002 
WSE = a 
GO TO 110 
150 WwNEW(l) = W 
WRITE (4,160)
160 FORMAT
1 IX, 'THE RESULTS FOR USE OF MAX[MUM
2 'REGULAR TIME IS AS FOLLOWS: ')
CALL RESULT
C
DU 170 I = 1, Z
BASE(I) = G 
N (I) = 1 




1 IX,'THE RESULTS USING THE EXTENDED




Do 185 i = 1,NMAX
aTGTAL=W1GTAL+Na NEa (I)
185 CONTINUE
IF(WT0TAL.GT.MNTH)G0 TO 230 
W S E = M N T H 
WSQ =. WSE 
187 DO 190 1= 1,Z
MT(I)=-(TS(I)+(R(I)*N(I)*a o E/P(I)) ) 
190 CONTINUE 
W = 0
DO 192 I = 1, Z
W = W - MT(I)
192 CONTINUE
IF ((W - WSQ) .GE. 0) GO TO 195 
WSE = WSE ♦ 1 
GO TO 187
195 IF ((wSQ - W) .GT. -.004) Go TO 197 




















DO 205 1 = 1 ,  NMAX 
W W N 3 h (I) = 0
DO 200 J = 1, Z






1 IX, 'THE RESULTS USING THE EXTENDED BASIC
2 'PERIOD APPROACH',/,' AND VAX 1VUw RECUL
3 ' TIRE IS AS FGLLuWS: ')
CALL RESULT
CO TO 230 
WRITE (4,220)
FORMAT (IX // ,
1 IX,'THE RESULTS USIHC YOUR CHANCES ARE ',
2 'AS FOLLOWS : ')
CALL RESULT
W RIT E ( 4 , 2 4 0 )
FORMAK//1X, 'WOULD YOU LIKE TO CHARGE N, ',
1 ' W OR ORDER ? '$)
READ(4,250)AB
FORMAT(Al)
IF (A3 .EQ. 'N')GQ TO 520 
WRITE (4,260)
FORMAT (IX,'WHICH VARIABLE ( N, W OR ORDER) ,.GULD ', 
1 'YOU LIKE TO CHANGE ? ' 5)
R E A D (4,250)CG
IF (CG .EQ. 'W') GO TO 310 
IF (CG .EQ. 'O') GO TO 410 
DO 265 1=1,Z
N 0 L D ( I) = N (I)
CONTINUE 
WRITE (4,270)
FORMAT(IX,'ENTER NEW VALUES OF N ',
1 ' (N MUST BE(1,2,4,3...)).')
DO 300 1 = 1 ,  Z
WRITE ( 4, 280 ) NA.ME(l)
































FORMAT (IX,'THE NEW VALUE OF W = '$)
READ (4,290) WSE 
WSQ = WSE 




Du 360 I = 1, Z
W = W - MT(I)
CONTINUE
IF ((W - WSQ) .GE. 0) CO TO 370 
WSE = WSE + 1 
GO TO 340
IF ((WSQ - W) .GT. -.004) GO TU 380 
WSE = WSE - .00 2 
GO TO 340
DO 400 I = 1, UMAX 
W W N E W ( 1 ) = 0 
DO 390 J = 1, Z




GO TO 210 
WRITE(4,420)
FORMAT (1X, 'ENTER NEW ORDER USING P.RGDUCT NUMBER ',
1 /, 'FOR THOSE PRUDUCTS PRGDUCED IN EACH ',
2 /,' PERIOD(AS GIVEN):')
DO 440 J = i,N MA X
DO 430 1=1,Z
T S ( I )= 0 . 0
CONTINUE 
CUNT INUE 
DO 480 J = 1, M.V AX 
C 0 U N T = 0 
w’RITE( 4, 450)J
FORMAT(2X, 'BASIC PERIOD 4',14)
DO 455 1=1, Z
IF(0RD(I,J )• E * . 0 ) GO TO 455
C 0 U N T = C G U N T ♦ 1
WRITE ( 4, 457 ) CuU.»T, N AGE ( I)
FORMAT(4X,'#',14,' = ',A10)
CONTINUE 
DO 470 I = 1, Z
WRITE (4,460) I




















DO 510 J = 1, N M A X
DO 500 1 = 1,7,
1F (I. E Q . 1) G 0 TQ 490 
TSS=SETIME(ORD((1-1),J),OKD( I,J) ) 
IF(TSS.GT.TS( I) )TS( I)=TjS 
S(I)=TS(I)*CH*24 
CO TO 500
IF(J.GT.1)IKLM1=CRD(NUMN(J-l ),(J-l )) 








’W RIT E ( 4 , 5 3 0 )
FURMAKIX, 'WOULD YOU LIKE Tu ENTCP NEW DATA ? '$)
READ ( 4,540 )B A
FuRMAI(Al)
REWIND IM

























INTEGER Z, BASE(IOO), N (100 ),ORDER(100),COUNT 
INTEGER ORDERA(100), ORD(50,50),NUMN(32)
REAL T(IOO), S(100), R(100), H(100), P(100)
REAL WWNEW(IOO), MT(100),MTT(100 )
REAL SF.TIME ( 50,50), 5TM(50,50), TS(IOO)
DOUBLE PRECISION NAME(IOO)
COMMON S,N,H,R,P,TS,W,TC, Z, NMh X, ORD, MNTH, MNil
1 ,SETIM E,C H,BASE, MT,ORDER A, T, >;* NEW, TC SAVE
2 ,NAME,MOT,DAYS,UTT,NUIIN 
W RIT E ( 4 , 10 )
FORMAT(IX, 'IS ALL THE DATA ON A FILE ? .'$)
READ(4,20) AB 
FQRMAT(Al)
IF (AB .EQ. 'N') GO TO 60 
WRIIE(4,30)
FORMAT(IX, "THE DATA FILE NUMBER IS: % )
READ(4,40) IM 
FORMAT(14)
IMN = 40 
GO TO 70
FORMAT (IX, 'PRODUCT ',14,' ='$)
IM = 4 
IMN = 4
WRITE (IMN,00 )
FORMAT(GOX, 'THE NUMBER OF PRODUCTS IS: ' 0) 
READ(IM,160) Z 
DO 90 I = 1, Z
BASE(I) = 0 
N (I) = 1 
TS(I) = 0.0 
CONTINUE 
WRITE (IMN,100)
FORMAT (IX,'THE NAME OF EACH PRODUCT ',
l  '  i s  as f o l l o w s : ' )
DO 130 I = 1, Z
WRITE (IMN, 110) I
FORMAT (4X, 'PRODUCT ', 14, 'IS: '$)




FURMAT(1X,'THE PRODUCT NUMBER OF ',
1 'THE LAST PRODUCT TO BE PRODUCED IN '
2 'THE PREVIOUS PERIOD IS: '$)
READ (IM,160) IKLM
WRITE (IMN,150)
FGRMAT(1X,'THE NUMBER OF DAYS PER YEAR IS: '$)
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READ(IM,160) K 
160 FORMAT (G )
WRITE (IMN,170)
170 FORMAT (IX,'THE NUMBER OK REGULAR WORKING DAYS PER MONTH IS 
READ (IM,160) MNTH 
WRITE (IMN,180)
180 FORMAT (IX,'THE NUMBER OF OVERTIME DAYS PER MONTH IS: '$) 
READ (IM,160)M0T 
WRITE (IMN,190)
190 .FORMAT(IX,'IS THE DEMAND RATE FOR EACH PRODUCT CONSTANT '
1 , 'FOR THE NEXT FIVr MONTHS ? '$)
READ (IM,20)AB 
IF(AB .EQ. 'Y') GO TO 210 
WRITE (IMN,200)
200 FORMAT (IX,'THE NUMBER OF MONTHS TO EE USED FOR ',
1 'THIS FORECAST IS: '$)
READ (IM,16 0) MNH 
DEMAND - 0 
210 WRITE (IMN,220)
220 FORMATUX,'THE BASIC DEMAND RATE IN ITFM3/N0NTF FOR EACH '
1 ,' PRODUCT IS AS FOLLOWS: ')
DO 280 J = 1, Z 
R1 = 0 
R (J) = 0
IF (AB .EQ. ' N ') CO TO 240 
W RIT E( IMN,230 ) J 
230 FORMATUX,'THE DEMAND FOR PRODUCT ',13,' = '$)
READ ( IM, 16 0) R(0 )
R(J) = R(J) / MNTH
DEMAND = DEMAND ♦ ( R (J ) *:-!N Ti l)
GO TO 280 
240 WRITE (IMN,250) J
250 FORMATC1X, 'THE DEMm ND FOR PRODUCT ',13)
DU 270 1 = 1 ,  MNH
WRITE (IMN,260) I 
26G FGFMA(T4X, 'MONTH ',13,' = '3)
R E A D ( IM , 16 0 ) R1 
R(J) = R(J ) + PI 
27 0 CONTINUK
R(J) =(R(J)/MNH)/MNTH 
DEMAND = DEMAND + (P.(J)*m NTH)
2S0 CONTINUE
WRITECIMN,290)
290 F0RMAT(1X, 'THE NUMBER OF WEEKS OF DEMAND USED FOR ',
1 'THE SAFETY STOCK LEVEL IS: '5)
READ(IM,160) ISFST 
WRITE (IMN,300)
300 FORMATUX, 'THE QUANTITY ON HAND FOR EACH PRODUCT',
1 'IS AS FOLLOWS: ')


















FORMAT (4X,'PRODUCT ', 14, ' = '$)
READ (IM,160) NQT Y 
SFSTK = ISFST * R(I) * 5 
R (I) = R(1) + SFSTK - NQTY 
IF (K(I) .GT. 0) Gu TO 340 
RDX = -(R (1))
WRITE (4,320) RDX, NAVE(i)
FORMAT (IX,'THE QUANTITY ON HAND EXCEEDS THE ',
1 'SAFETY STOCK AND CURRENT DEMAND 6Y ',FI0.3
2 '. ',/ 'D G NOT PRODUCE ',A10,' THIS FUN.')




Z - Z - 1 
CONTINUE 
WRITE (IMN,350)
FURMAT(IX, 'THE SETUP COST PER HOUR IS: '$)
READ(IM,160) CM 




FORMAT (IX,'THE SETUP TIME FOR EACH PRODUCT IS AS FOLLOWS:') 
WRITE (IMN, 330 )
FORMAT (2X, 'FROM PRODUCT: TO PRODUCT: = 8ETTtP TIMS')
DO 410 1 = 1 ,  Z
DO 400 J = 1, Z
IF (1 .EQ. J) GO TO 400 
WRITE (IMN,390) I, J 
FGRMAT(IX,18,117,15 X, $)
R E A D (I M , 16 0 ) S E T I M E ( I , J )
S E TIM E ( I, J ) = ( S E T IM E (I , J ) / 2 4)
S T M (I, J ) = S E TI M E ( I, J )
CONTINUE
CONTINUE
I K L M1 = IK L M 
N M A X = 1
CALL R0UTE(1,IKLM1)
WRITE (IMN,420)
FORMAT (IX,'IS THE HOLDING RATE PER YEAR THE SAME FOR 
1 , 'ALL PRODUCTS ? ' 3)
READ (IM,20) AB
IF (AB .EQ. 'N') GO TO 440
WRITE (IMN,430)
FORMAT (IX,'THE HOLDING RATE PER YEAR IS: ' 3)
READ (IM,160) H (1)
H (1) = H( 1) / K 
GO TO 460
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440 WRITE (iMN, 450 )
450 FORMAT (IX, 'THE HOLDING RATE/YEAR FOR EACH PRODUCT IS AS
1 FOLLOWS: '$)
460 DO 480 J = 1, Z
IF (AB .EQ. 'Y') GO TO 470 
WRITE (IMN,50) J 
RFAD(1M,16Q) H(J)
H(J) = H(J) /X 
GO Tu 480 
470 H(J) = H(1)
480 CONTINUE
WRITE (IMN,490)
190 FORMAT (IX,'THE PRODUCTION RATE PER DAY IS: ' $)
READ (IM,160) P(l)
DU 500 J = 1,2
P(U) = P(l)
500 CONTINUE 
ID - 1 
510 W = 0
DO 520 I = 1, Z
MT(I) = -(((R(I)/P(I)) * "NTH) + TS ( I ) ) 
MTT(I)=MT(I)+T5(I)
W = W - M T ( I)
5 20 CONTINUE 
DAYS = W 
W N N E W ( 1) = N 
CALL TCMAX
IF (W .GT. MNTH) GO TO 540 
WRITE (4,530) W 
530 FORMAT (IX,'THE MINIMUM NUMBER OF REGUI.AR TIUc. DAYS
1 'NEEDED TO MEET THE CURRENT DEMAND IS: ',1 10.3)
GO TO 640 
540 DAYSB = FLOAT(MNTH)
WHITE ( 4, 5 3 0 ) D A Y S 3
OTDAY = W - MNTH
WRITE (4,550) OTDAY 
550 FORMAT (IX,'THE MINIMUM NUMbEk OF UVEk'UMR DAYS ',
1 'NEEDED TO MEET THE CURRENT DEMAND IS: ',F10.3)
IF (OTDAY .LE. MOT) GO TO 640 
EXT = (UTDAY - HUT)* P(1)
IF(ID .EQ. 2) CO TO 640 
560 WRITE (4,570) EXT
570 FORMAT (IX,'THE DEMAND EXCEEDS THE PRODUCTION CAPACITY BY:' 
1 F10.0, ' PARTS. ')
WRITE (4,580)
530 FORMAT (IX,'WOULD YOU LIKE TO DECREASE DEMAND? '$)
READ (4,20) DB
IF ((DB .EQ. 'N') .AMD. (ID .EQ. 1)) GO TO 640 
ID = 2









F OR M A T(1X, "USING THE FOLLOWING PRODUCT NUMBERS, ',/
1 ' ENTER THE PRODUCT YOU WOULD LIKE TO ',/
2 ' DECREASE AND THE AMOUNT OF THE DECREASE
3 ' ff N A M E ', 5 X , 'CURRENT DEMAND')
DO 610 I = 1, Z
RP = R(I) * MNTH
WRITE (4,600) I, NAME(I), RP
FORMAT (4 X,12, 3X, A10, F16.C)
CONTINUE 
WRITE (4,620)
FORMAT (IX,'PRODUCT #: '$)
READ(4,160)JK 
WRITE (4,630)
FORMAT (IX,'AMOUNT OF DECREASE: '$)
READ (4,160)DHC 
R(JK) = R(JK) - (DEC/MMTH)
EXT = EXT - DEC









INTEGER Z, BASE(100), N(100 ),ORDER(100),COUNT 
INTEGER ORDERA(100), ORD(5 0,50),NUMN(32)
C
REAL T(100), S(IOO), R(100), H(100), P(100)
REAL WWNEW(IOO), MT(100),MTT(100)
REAL SFTIME (50,50), STM(50,50), 13(100)
C
COMMON S,N,H,R,P,T S,W,T C,Z,N M A X,0 R D,M N T H,M N i i
1 ,SETIME,CH,BASE,MT,ORDER A, r,a«NEW, TCSAVE,
2 ,NAME,MOT,DAYS, MTT,NIJM N 
TC = 0
DO 10 1=1, Z
TCA = (S(I)/(N ( I) * W ) ) + ((( H(I) * R( I) * N(1) 
1 * W) * (l-R(I)/P(I)))/2)







INTEGER Z, RASE(100)/ N(100),ORDER(100),COUNT,Q 
INTEGER ORDER A(100), ORD( 5 0, 5 0 ) , N U M N ( 3 2)
C
REAL T(100), S(ICC), R(100), H(100), P (100)
REAL a WNEW(IOO), NT(100),MTT(100) ,NN(1G0)
REAL SETIMS (50,50), STM(50,50), TS(IOO)
C
COMMON S,N,H,R,P,TS,W,TC,Z,NMAX,OKD,MNTH,MNH




DO 60 I = 1,Z 
Q -  -1
10 Q = Q ♦ 1
BASE(I) = BASE(I) + 1 
N(1) = 2 ** BASE(I)
CALL SWTCH1(N,NN,Z)
CALL U S M X ( N N , 7 , A N M A X )
N-M A X = 1F I X ( A N M A X )
CALL STEF7(IKLM)
TCSAVE = TC 
CALL TCMAX
IF (TCSAVE .GT. TC) GO TO 10 
IF (G .GT. 0) GO TG 50 
BASE(I) = BASECD-l 
0 3 AS E( I) = BASE(I) - 1
IF (BASE(I) .LT. 0) GC TG 40 
N(I) = 2 ** BASE(I)
CALL S W T C ri 1 ( N , N N , Z )
CALL USMX(NN,Z,ANMAX )
N M A X = IF I X ( A N M A X )
CALL STEF7(IKLM)
CALL TCMAX
IF (TCSAVE .LT. TC) GO TO 30 
Q = G + 1 
TCSAVE = TC 
GO TO 20
30 BASE(I)=BASE(1)+1
GO TO 50 
40 BASE(I) = 0





CALL SWTCHK N,NN,Z) 
CALL USMX(NN,Z,ANMAX) 







INTEGER Z, BASE(IOO), N(100),URDER(100),COUNT 
INTEGER ORD ERA (100), ORD ( 50, 50 ) , N1JMN( 3 2 )
C
REAL T(100), S(100), R(100), H(100)/ P(100)
PEAL WKN'EW(lOO), MT(100),MTT(10 0)
REAL SETIMS (50,50), STM(50,50), TS(IOO)
ru
COMMON S,N,H,R,P,TS,'W,TC,Z,NMAX,QRD,MNTH,MNH
1 , S E TI M E , C H , B A S E , M T , G R D E P A , T , W 'a N E » , TCSAVE,IM
2 , N A M E, M GT , D A Y S , M T T , N U M N
DO 20 1 = 1,NMAX
DO 10 J=1,Z




DU 50 I = 1, NMAX
DO 40 J=1,Z
IF(l.NE.l)GO TG 30 
ORD(J,I ) = 1 
GO TO 40 
30 11=1-1
IF(N(J ).EQ.1 . OR.MuD(I 1,N(J )) . EG . 0 ) ORD(J, I ) = 1 
40 CONTINUE
50 CONTINUE














C = A (1)
DG 10 I = 1,MAX
IF (C .GE. A( I)) GG TC 10 











DO 10 I = 1, Z







INTEGER Z, BASE(IOO), N(100),ORDER(100),CCUNT 
INTEGER ORDERA(IOO), ORD(50,50),NUMN(32)
C
REAL T(100), S(100), R(100), H(100), P(IOC)
REAL MTS(10 0),WwNEW(100), MT(100),MTT(100)
REAL SETIMS ( 50,50), STM(50,50), 1S(100 ) ,ABC(1 00 )
C
DOUBLE PRECISION NAME(IOO)
COMMON S , N , H , R , F , T S , W , T C , Z ,NMAX,0RD,MNTH,MNh 






N MAX = IFIX(X)
WRITE (4,10 )
10 FORMAT(4X,'PRODUCT N A M E ' ,  4X, 'MACHINE TI • ‘ E ' , 4X,'N',
1 4X, PRODUCED', 6X, ' EXCESS', /,
2 20X, 'DAYS HOURS')
DO 30 1=1,Z
MT ( I ) = (-1) * MT U )
PRODC = (P(I) * (MT(l) “ TS ( I) ) ) * (NMAX/NU) ) 
1PK0DC=IFIX(PRJDC)




I H G U R = 1F 1X ( H G U R S )





IH 0 U R = IF IX ( H 0 U R S )
WRITS (4,40) IV., IH 0 U R 
40 F0RMAT(2X, 'THE BASIC TIME PERIOD = ', 110, ' DAYS',IiO,' HOURS




DO 90 I = 1, NMAX
WRITE(4,50)1
50 F0RMAT(1X,'THE ORDER FOR PASIC PERIOD P',15
1 ,' = ')
DO 70 J=l, Z
IF(ORD(J,I) .EG. 0) GO TG 70 













FORMAT (1X/ 'THE TIME REMAINING IN BASIC PERIOD ft
1 ,15,' = ', 16, ' DAYS',16,' HOURS'//,
2 ' 11 11 IIIIIIIIII 11 11 11 11 11 11 11 1III 11 11 11 II 11 II 11 11 M (I 11 I It I 11 11f t 11 ' ̂
CONTINUE
toRITE (4,100) TC






INTEGER Z, BASE(100 ) , N (100),ORDER(100),COUNT 
INTEGER ORDERA(100), ORD( 50, 50),NUMN(32)
C
REAL T(100), S(100), R(100), H(100), P(100)
REAL WWNEW(IOO), MT(100),MTT(100)
REAL SETIME ( 50, 50), 3TM( 50,50), TS(100),MTTT,TSS(100 )
C
COMMON R,F,TS, W,TC, Z, NMAX, ORD, MNTH, toNil
1 ,SETIME,CH/BASE, MT,ORDERA, T,W*NEW,TCSAVE, IM
2 ,NAME,MOT,DAYS,MTr,NUMN
C
IF(1W•EQ•3)GO TO 220 
W = 0










IF ( IW . E Q . 1) N U M N (1) = Z 
DO 210 IZ =1,NMAX 
40 IF((NUMN(IZ) +1).NE.Z )GG TO 60
C 0 U N T = 0 
DO 50 1=1,Z
C u U N T = C U U N T +1





60 DO 80 I = I ,  Z
ORDERA(I) = 0 
DO 70 J= 1, Z
STM(I,J) = S E TIU E(I,J )
70 CONTINUE
S(I ) = 1000.0 
80 CONTINUE
COUNT = 2 
NF = IKLM1 
ORDERA(l) = IKLM1 
S(IKLMl) = .00000000O1 
IF(IW.EQ.l)GL) TO 110 
DO 100 1=1, Z
IF(ORD(I,IZ).NE.0)GO TO 100 





















DO 120 I = 1, Z




NCNT = COUNT - 1
PT = STM((GRDERA(NCNT) ),1)
DO 170 I = 1, Z
IFCIW.EQ.l)GO TO 140 
IF(QRD(I,IZ).EQ.0)GG TO 170 
1F(I.EQ.0RDERa (NCNT))G0 TO 170 
IF((STM((GRDERA(NCNT)),!)) .GT. PT) Cu TC 170 
TOT = 0
DO 150 M = 1, Z
TOT = TOT + S T M (I,N)
CONTINUE
IF((STM((ORDERA(NCNT)),I)) .LT. PT) GO TO 160 
IF (TOT .GE. TDISVE) GO TO 170 
TOTSVE = TOT
PT = STM((OKDERAC NCNT)),I)
NF = 1 
CONTINUE 
TSS(NF) = PT 
ORDERA(CGUNT) = NF 
DO 180 I = 1, Z
STM(I,NF) = 1000.0 
CONTINUF
COUNT = COUNT + 1
IF (COUNT .LE. NUUN(IZ)) Gu TO 130 
IF(IW.EG.1)GO TO 190 
IF(IZ.EG.l)GO TO 150
IF(GRD((ORDERAC1))/IZ).NE.O)GO Tu 190 
.IKLMi=GRDERA(2)
GO TO 40
DO 200 1 = 1 ,  Z
IF(IZ.EQ.1)TS(I)=TS3(I)
I F(TSS(I).GT.rS(I))TS(I)=TSS(I)





IF(IW.EQ.l)GO TO 260 
DO 230 1=1,Z
MTTT = -((R(I)/P(I)) * UN Til)
F N M A X = F L 0 A T ( N M A X )
FN=FLGAT(N(I))












IF(0RD(I/IZ).EQ.O)CO TO 240 
W W N E W (IZ) = W W N E W ( I Z ) - M T (0 R D ( i , I Z ) ) 
CONTINUE
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